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INTRODUCTION
Bacterial diseases are the most common rabbit diseases and are of great economic importance. Ornithobacterium rhinotrachealae (ORT) is an emerging severe respiratory disease, which cause high mortality in domestic rabbits (Attia, 2009) . Pasteurella multocida (P. multocida) infection is a contagious disease affecting rabbits at different ages and cause great economic losses due to high mortality among clinically affected rabbits, downgrading carcasses, abortion, and infertility (Lebdaah, 2010) . These respiratory-tract pathogens are highly contagious and readily transmitted through direct physical and aerosol contact making their eradication difficult (Digiacomo, et. al., 1987) .
The problems of scarcity and high prices of feedstuffs and synthetic drugs, drug residual effects on livestock products, development of resistant strains of micro-organisms to drug therapy (Adedeji et. al., 2008b) among others, have led researchers to search for alternative, unconventional and cheap sources of materials that will proffer solutions to these problems. Focus has been on naturally occurring compounds and materials of herbal or plant origin in solving these problems since they are easily found in our environment (Akpantah et. al., 2005) .
Nowadays, coconut oil (CO) has been used as dietary supplement because of its many advantages, including anti-inflammatory (Intahphuak et. al., 2010; and Vysakh, et. al., 2014) , antibacterial (Nevin and Rajamohan, 2004) , antioxidant activity (Vysakh et. al., 2014) . Antivirus (Bartolotta et. al., 2001) , and immunestimulant (Witcher et. al., 1996) , which are important to fight infection. Coconut oil is a source of tocotrienols, capric acid, caproic acid, and lauric acid, which are natural antioxidants. These substances act as scavengers of damaging oxygen free radicals that have been suggested to play an important role in aging, atherosclerosis, cancer, and diabetes mellitus (Schaffer, et. al., 2005 and Kamsiah, et. al., 2001 ). The present study was aimed to assess the dietary coconut oil supplementation on growth, immune responses, hematological and biochemical parameters of rabbits either uninfected or experimentally infected with ORT and/or P. multocida.
MATERIALS AND METHODS

Rabbits and experimental design:
A total Seventy-two,five-week-old New Zealand White male rabbits have been obtained from Animal Production Research Center, Sakha, Kafrelsheikh, were divided into 3 groups of 24 rabbits each with an average body weight of 604.2 ± 10.93 g. Rabbits were divided into 3 equal groups of 24 rabbits each. The first group was uninfected and subdivided into four subgroups. The first subgroup fed basal diet (Control) and the second, third and fourth subgroups fed on basal diet supplemented with 1 %, 1.5% and 2% coconut oil respectively. The 2 nd group was subdivided into 4 subgroups and subjected to single infection with ORT in addition to treatment with 2% coconut oil, sulph-trimethoprim only and coconut oil + sulpha-trimethoprim in the 2 nd , 3 rd and 4 th subgroups respectively. The third group was similar to the second group but subjected to mixed infection with ORT+ P. multocida. Infected rabbits were kept under observation 3 weeks post infection, during which clinical signs and mortality were recorded. Dead and sacrificed rabbits were subjected to postmortem and bacteriological examinations for reisolation of the inoculated organism.
Experimental diet:
Four experimental diets were formulated to cover all essential nutrient requirements for growing rabbits according to De Blas et. al., (1986) . The diet contained 3 levels of coconut oil (1.0, 1.5 and 2.0%), in comparison with the basal diet. Feed and water offered ad libitum. Live body weight, feed intake, number of dead rabbits were recorded and feed conversion ratio were calculated. The composition of the basal experimental ration used for rabbit feed was described in Table (1) . 
Coconut oil:
Coconut oil considered 100% pure, purchased from a local commercial market (Haraz company for Medicinal plants), Cairo, Egypt.
Experimental bacteria:
Field strains of ORT and P.multocida isolated from diseased rabbits were used for experimental infection using aerosol challenge. ORT was isolated on 10% sheep blood agar plates incubated at 37 o C for 24 hrs. A loopful of colonies was inoculated into brain heart infusion broth for serial 10-fold dilution. Growth was adjusted by turbidity tube 10 9 CFU/ml (Van Emple, 1998) . P. multocida isolates were passed through mice by intraperitoneal inoculation. Mice were euthanized after the first signs of disease, and the bacterium was re-isolated from the heart, liver, lung, and trachea and cultured on BHI agar at 37°C for 24 h before use. The bacterial mass was collected and diluted in glucoseenriched essential medium, achieving a final concentration of 10 7 CFU/ml (Suckow, et. Al., 1995) via counting and plating.
Candida albicans:
A well-identified strain was kindly supplied by the Dept. of Microbiology and Immunology, Fac. Vet. Med. Menofiya University. Candida albicans used for evaluating the phagocytic activity (PA) and phagocytic index (PI) according to (Kawahara, et. al., 1991) .
Blood samples:
At the end of experiment , blood samples were collected from the lateral ear vein of rabbits and immediately divided into aliquots, one containing heparin for performing the phagocytic activity of heterophils, one containing EDTA (Ethylenediamine tetra acetic acid) as anticoagulant (1mg/ml for haematological parameters red blood cells (RBCs) count, hemoglobin (Hb), packed cell volume (PCV), mean corpuscular volume (MCV), mean corpuscular hemoglobin concentration (MCHC), and total leucocytic (TLC) count (Schalm,1986). The third aliquot was left to clot at room temperature, and then centrifuged at 3000 rpm for 15 minutes. Sera were then separated and stored at -20°C into aliquots for individual biochemical estimations.
Evaluated parameters:
2.7.1. Growth Performance:
Rabbits were weighed at 5 weeks of age and then live body weights (LBW) (g) were recorded at 9 weeks of age. Average feed intake (FI) was recorded weekly. The average body weight gain (BWG) and feed conversion ratio (FCR) were calculated according to Brody, (1968) .
Immunological Parameters:
Phagocytic activity (PA) of polymorphonuclear cells (PMN) and phagocytic index (PI) using candida albicans were performed according to methods described by Kawahara, et. al., (1991) .
Hematological Parameters:
Packed cell volume (PCV), hemoglobin (Hb), red blood cell count (RBCs), total white blood cells (WBCs) and differential leukocytic count were evaluated according to Feldman et. al., (2000) .
Serum Biochemical Parameters:
Freshly separated sera were used for estimation of serum liver and renal and injury biomarkers according to manufacturer protocol. Serum enzymatic activities of alanine amino transferase (ALT) and aspartate amino transferase (AST) were evaluated according to Reitman and Frankel, (1957) . Total proteins (TP), albumin (Alb) according to Henry et. al., (1974) , Globulins concentration (Glob) in serum was computed by subtracting albumin concentration from total Proteins, albumin to globulin ratio (A/G) was calculated according to Kaneko, (1989) . Serum was analyzed for lipid profile, including total cholesterol and triglycerides (TG) according to Richmond, (1973) , HDLcholesterol, according to Abell et.al, (1952) . LDL-C and VLDL-C concentrations were calculated using the standard Friedewald equation (Friedwald, et.al., 1972) . Renal products; creatinine was determined according to Larsen, (1972) and urea according to Coulombe and Favreau, (1963) , Glucose according to Trinder, (1969) , using spectrophotometer and commercial test kits of Randox (Antrim, UK) and following the manufacturer's instructions.
Statistical Analysis:
All data were expressed as means ± S.E.M. and statistically analyzed by one-way ANOVA according to Snedecor and Cochran, (1980) . Differences at (p˂ 0.05) were considered significant.
RESULTS
The results of the 1 st experiment were represented by the result of the 1 st group which showed the impact of different dietary concentrations of CO on normal rabbits .The impact on rabbit growth performance as shown in the table (2) revealed higher body weight gain and lower food conversion ratio (P˂0.01) in all (CO) treated sub-groups when compared with control sub-group1.1.The immune response in (Table 3) revealed a significant increase (P˂0.01) in phagocytic activity and phagocytic index in all (CO) treated sub-groups, when compared with control sub-group 1.1.As shown in Table ( 4), all coconut treated subgroups revealed the non-significant change in RBC's count, PCV, Hb concentration, MCV, MCH, MCHC and number of monocytes, eosinophils and heterophils except sub group 1.2. Which showed a significant increase (P˂0.05) in a number of heterophils. Additionally, all CO-treated subgroups revealed a significant increase (P˂0.05) in TLC and in a number of lymphocytes when compared with control sub-group 1.1. Table (5) showed non-significant change in albumin, ALT, AST, urea and creatinine as well as a significant increase (P˂0.05) of total proteins, globulins and HDL-C concentration while, A/G, glucose, TC, TG, LDL-C, and vLDL-C were significantly decreased (P˂0.05) in all CO-treated sub-groups, when compared with control sub-group 1.1.with the superior effect for the highest (CO) concentration (2%).
The second experiment was represented by the results of the second and third groups; ORT untreated infected rabbit subgroup 2.1. In addition, mixed infection with ORT + P. multocida. Rabbit subgroup 3.1. suffered from depression, coughing, sneezing, snuffling sound, serous, mucus and purulent nasal discharge, fever, off food, decreased body weight and death. The mortality rate in infected untreated subgroups 2.1. and 3.1. Was 16.7% (1 out of 6) and 50% (3 out of 6), respectively and 16.7% (1 out of 6) in both subgroup 2.3. and 3.3. (Infected and treated with antibiotic only) while no deaths were recorded in any sub groups received CO in their diets (Table 6 ). The postmortem examination in dead and sacrificed infected rabbits sub groups 2.1. and 3.1. revealed rhinitis with catarrhal exudate, congestion in the trachea with mucous and purulent exudate, unilateral or bilateral pneumonia with yoghurt-like exudate and congested, swollen and friable liver.
As shown in (Table 2) , the untreated infected subgroups 2.1. and 3.1. revealed significant decrease (P˂0.05) in body weight gain and feed intake as well as a significant increase (P˂0.05) in food conversion ratio, when compared with uninfected control subgroup 1.1. There was also the significant decrease (P˂0.05) in phagocytic activity and phagocytic index when compared with control sub-group 1.1. (Table  3 ). The rabbit subgroups 2.1. and 3.1. showed significantly (P˂0.05) reduction in RBC's count, PCV, Hb concentration, the number of lymphocytes and eosinophils and reflecting the picture of normocytic normochromic and macrocytic hypochromic anemia. There is also significant (P≤ 0.05) increase in TLC, the absolute number of heterophils and monocytes when compared with control sub-group 1.1. (Table 4 ). As shown in Table  ( 6), rabbit in subgroups 2.1. and 3.1. revealed significant (P≤ 0.05) increase in TC, TG, LDL-C, vLDL-C, glucose, ALT, AST, urea, and creatinine as well as significant (P <0.05) reduction in total proteins, albumin and globulins as well as A/G, when compared with control sub-group 1.1. Simultaneous administration of (2% CO) either alone or with antibiotic significantly improved infected rabbits growth performance or restored the reduced blood parameters (RBCs, HB, and PCV) together with the significant (P≤0.05) decrease in TLC and number of heterophils and monocytes. Additionally, significantly (P≤0.05) decrease in TC, TG, LDL-C, VLDL-C, glucose concentrations, ALT, AST, urea and creatinine as well as the significant (P≤0.05) increase in total proteins, albumin, and globulins as well as A/G, when compared to sub-group 2.1. and 3.1., respectively.
DISSCUSSION
The present work was conducted as two experiments; the first one was to clarify the impact of different dietary levels of CO on growth, immune responses, hematological and serum biochemical parameters of normal uninfected rabbits, which detected the superior effect for the highest concentration of Co (2%). The second one was to explore the effect of dietary supplementation with 2% CO on the same parameters but on experimentally infected rabbits with ORT and/or mixed infection of ORT + P. multocida. The result of the first group showed that the dietary concentrations of CO revealed higher body weight gain and lower food conversion ratio (P˂0.05) when compared with the control sub-group 1.1. Similarly, the simultaneous supplementation of 2% CO either alone or with antibiotic in the second and third infected groups when compared with untreated infected rabbit sub-groups 2.1 and 3.1. This improvement in growth performance could be due to an increase in the efficiency of nutrients utilization; especially crude protein or antibacterial properties of medium-chain fatty acids (MCFA). Similar results were reported by Isaacs et. al., (1995) and Messens et al., (2010) when demonstrated those antioxidant properties of CO can positively affect the condition of the alimentary canal mainly through antimicrobial activity, which could be reflected in the improvement of digestion processes. In addition, the MCFA are known to increase metabolism (Van Wymelbeke et. al., 1998) . Moreover, Dierick et. al., (2002) reported that the controlled release of MCFA from CO resulted in significant suppression of the intestinal flora (total anaerobic count, lactobacilli, E. coli) and improved mucosal health of piglets.
Concerning the immune response, the untreated infected rabbit sub-groups 2.1. and 3.1. showed significantly (P˂0.05) decrease in phagocytic activity and phagocytic index and number of lymphocytes, total proteins, and globulins concentrations when compared with the uninfected control sub-group1.1. These results demonstrated that the initial response of ORT and P. multocida was probably related to immunosuppression by endogenous corticosteroids triggered off by stress. Increased concentrations of glucocorticoids inhibit the immune response of animals by diminishing antibody production, diminishing lymphocyte blastogenesis, altering granulocyte and monocyte concentrations and functions and by inhibiting phagocytosis. A similar explanation was reported by Markham and Wilkie, (1980) and Roth and Kaeberle, (1982) . The toxic effects of bacterial endotoxin give rise to degeneration and degranulation of neutrophils and subsequently the chemostatic action of mononuclear cells and phagocytes. In both experiments, all COsupplemented sub groups revealed significant (P˂0.05) increase in phagocytic activity and phagocytic index and number of lymphocytes together with a significant (P<0.05) increase in total proteins, globulins concentrations as well as significantly (P<0.05) decreased A/G when compared with the control sub-group1.1. in the 1 st group and sub-groups 2.1. and 3.1., respectively in the 2 nd and 3 rd groups. Concerning the effects of CO on TP and globulins concentrations, the improvements may be partially due to the increasing animal resistance to any physiological or physical stress. Furthermore, TP is a general indication of immune status. Additionally, increased globulins concentration with CO supplementation may indicate increased immunity in rabbits implying that globulins concentration have been used as an indicator of immune responses and source of antibody production as mentioned by White, et. al., (2002) and Sunmonu and Oloyede, (2007) .
Regarding the erythrogram , the 1 st groups revealed no significant change in RBCs count, PCV, Hb concentration, MCV, MCH and MCHC. CO administration by the chosen concentrations did not cause any significant alterations in hematological parameters. Similarly, Nandakumaran, et. al., (2011) reported that oral administration of CO during pregnancy in rats, even in massive doses, did not cause any significant alterations in hematologic parameters. However, un-supplemented infected subgroups 2.1. and 3.1. revealed a significant (P<0.05) reduction in RBC's count, PCV, Hb concentration reflecting picture of normocytic normochromic (non-regenerative) anemia and macrocytic hypochromic anemia, respectively contributing to inflammatory and Pasteurella endotoxins when compared with normal control sub-group1.1. Our results are in agreement with Desimone, et. al., (1987) who mentioned the frequent occurrence of non-regenerative anemia in patients with chronic renal failure (CRF) in the veterinary literature. There was a direct correlation between severity of azotemia and anemia as reported by DiBartola, et. al., (1987) . Our data supported these results by reporting marked increased in urea and creatinine concentration in conjunction with the normocytic normochromic anemia in both 2.1. and 3.1. sub groups.The simultaneous supplementation of (2%) CO either alone or with the antibiotic in the 2nd and 3rd groups significantly restored the reduced blood parameters through an increase in RBC's count, PCV, Hb concentration and return of the erythrocytic indices close to that of normal uninfected rabbits. These findings are in agreement with Rossi, et. al., (2010) and Zakaria, et. al., (2011) who claimed this improving effect of dietary CO to MCFA, which was useful at this time because infection is considered a stressful event that is associated with depressed feed intake, growth performance and elevated incidence of respiratory diseases and CO was be used as an anti-stress and antidepressant nutritional oil.
Regarding the leukogram, untreated infected rabbit subgroups 2.1. and 3.1. revealed a significant increase in TLC, an absolute number of heterophils and monocytes as well as the significant reduction in a number of lymphocytes and eosinophils reflecting a stress picture of leukogram. The heterophilic leukocytosis might be viewed as the primary response to bacterial infection and presence of microorganisms in the respiratory tract. Similar findings were obtained by Ahamefule et al.,( 2006) who mentioned that high WBC count has been reported to be usually associated with microbial infection or the presence of foreign bodies or antigens in the circulatory system. Decreased TLC and a significant increase in a number of lymphocytes together with a marked decrease in the number of heterophils improved this stress picture of leukogram and monocytes by the simultaneous supplementation of 2% CO either alone or with the antibiotic in the second and third groups when compared with untreated infected sub-groups 2.1. and 3.1. CO inclusion may enhance immune system activity through several fatty acids, which are the potent immune stimulant. Similarly, Witcher et. al., (1996) and Kapila and Dissanayake, (2008) reported that phenolic compounds in CO, such as caffeic acid, p-coumaric acid, ferulic acid and catechin improved antioxidant capacity of CO have been attributed to the ultimate dietary supplement to fight disease associated with oxidative stress.
Concerning to serum biochemical parameters, the 1 st group revealed no significant change in albumin, ALT, AST, urea and creatinine implying that CO administration by the chosen concentrations did not cause any significant alterations in liver or kidney indicating normal liver and kidney functions. However, unsupplemented infected rabbit subgroups 2.1. and 3.1. revealed a significant increase in ALT, AST, urea and creatinine, TC, TG, LDL-C, VLDL-C and glucose concentrations reflecting degenerating and destructive effects on the liver and kidneys which can lead to hepatic and renal dysfunction when compared with normal control rabbit sub-group 1.1. Moreover, CO supplementation either alone or with the antibiotic in the 2 nd and 3 rd groups significantly reduced the serum renal injury biomarkers. Similar findings were reported by Akinnuga, et. al., (2014) when detected that diabetes mellitus has damaging effects on the kidneys which can lead to renal dysfunction but can be significantly reversed by dietary consumption of virgin coconut oil (VCO). Nwangwa and Chukwuemeka, (2011), Nwangwa, (2012) reported the protective and regenerative effects of coconut water and coconut milk on the kidney and pancreas of diabetic rats, therefore, it is reasonable to suggest that virgin coconut oil has protective effect on the kidneys of diabetic rats like coconut water and coconut milk. CO may possess a noticeable source of compounds with health protective potential and antioxidant activity. Similarly, Kapila and Dissanayake, (2008) and Van Rooyen, et. al., (2008) reported that phenolic compounds in CO such as caffeic, p-coumaric , ferulic acids and catechin, resulted in improvement of antioxidant related to health benefits and the antioxidant properties of CO have been attributed to to fight disease associated with oxidative stress.
(CO) supplementation succeeded to reduce the serum hepatic injury biomarkers inconsistent with Gupta, et. al., (2010) and Zakaria, et al., (2011) who found that the potential of VCOs produced either via the dried or fermented-process to demonstrate hepatoprotective activity in rats only at the highest concentration (10 mL/kg) against paracetamol-induced liver injury implying that the combination of hepatoprotective effect and antioxidant activity synergistically prevents the process of initiation and progress of hepatocellular damage. However, Intahphuak, et. al., (2010) and Bruce, (2011) reported that the remedial effect of virgin coconut oil may probably be due to the earlier reported antioxidant and anti-inflammatory properties of virgin coconut oil as a result of its chemical components especially MCFA such as lauric acid.
Concerning serum lipid profile, it was observed that in the 1st group, the dietary CO significantly decrease TC, TG, LDL-C, VLDL-C and glucose concentrations while there was an increase in the level of HDL compared with the control sub-group 1.1. Similarly, the simultaneous supplementation of (2%) CO either alone or with antibiotic when compared with infected untreated rabbit sub-groups 2.1. and 3.1. Similar results were obtained by Nevin and Rajamohan, (2004) and Arunima and Rajamohan, (2012) who reported that supplementation of (VCO) beneficially modulates hepatic lipid metabolism in rats and coconut oil, in particular, lowered total cholesterol, lipoproteins, and phospholipids. The reason for this is that CO consists predominantly of 65% MCFA that is metabolized rapidly in the liver to energy and does not participate in the biosynthesis and transport of cholesterol. Additionally, CO in fact, tends to raise the HDL (Dayrit, 2003) . Moreover, Murray, et. al., (2009) reported that the increased concentration of HDL-C protected against the development of atherosclerosis in rodents and humans possibly as a result of enhanced reverse cholesterol transport (RCT ) i.e, transfer of cholesterol from the arterial wall to the liver, followed by excretion into bile, thus, reducing plasma cholesterol levels. The Infected untreated rabbits sub group 2.1. and 3.1. suffered from depression, coughing, sneezing, snuffling sound, serous, mucus and purulent nasal discharge, fever, off food, decreased body weight and death. Mortality rate was 16.7% (1 out of 6) and 50% (3 out of 6) in the 2 groups, respectively, while it was 16.7% (1 out of 6) in both subgroup 2.3. and 3.3. (Infected and treated with antibiotic only). The postmortem examination in dead and sacrificed infected rabbits sub groups 2.1. and 3.1. revealed rhinitis with catarrhal exudate, congestion in the trachea with mucus and purulent exudate, unilateral or bilateral pneumonia with yoghurt-like exudate and congested, swollen and friable liver. Similar results were obtained by El-Abasy, et. al., (2008) when reported the bacterio-histopathological studies and treatment trials of ORT infection in rabbits, Sahar, (2008) when isolated ORT from turkeys suffered from respiratory disorders and Attia, (2008) who detected the clinicopathological effects of ORT infection in rabbits. On the other side no adverse clinical signs, deaths or any abnormal postmortem findings were recorded in any rabbit sub-group received CO either uninfected or infected treated with CO in their diets. These results can be explained by Enig, (1998) and Hafez and Sting, (1999) who reported that many coconut oils have been postulated to possess a broad spectrum of antimicrobial activity due to their high content of lauric acid, which possesses potential antimicrobial effects. Similarly, Preuss, et. al., (2005) reported that vancomycin and monolaurin protected roughly onehalf the mice from infectious death and Vijaya, et. al., (2013) reported that CO could effectively inhibit bacterial growth in vivo when administered orally.
In conclusion, the present data here , aimed to shed light on the effect of supplementing growing rabbit diets with coconut oil CO for detecting that its improving effects on the general health condition, growth performance and immune responses of normal rabbits and had the ability to correct the alterations occurred in clinical signs, mortality and postmortem lesions , haematological and serum biochemical parameters reflecting liver and kidney dysfunctions in infected rabbits with ORT and/or P. multocida. Abell, l. L., levy, B. B., Brodie, B. B., Kendall, F. E.1952 . A simplified method for the estimation of total cholesterol in serum. J. biol. 
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